SUMMARY A method for a combined air and isotope ventriculography is described. Twenty-nine infants with suspected hydrocephalus were studied. The merit of the combined study is the possibility of obtaining both anatomical and functional information. A very small amount of radioactivity-15 ,uc-was found to give satisfactory results. Patterns of cerebrospinal fluid flow in communicating and non-communicating hydrocephalus and in cases of porencephalic cyst and complete obstruction of the lateral ventricles are described.
The intrathecal introduction of radioisotopes for the study of cerebrospinal fluid dynamics (Di Chiro, Reames, and Matthews, 1964; Di Chiro, 1964 , 1966 Bannister, Gilford, and Kocen, 1967) has provided a better understanding of the pathophysiology of hydrocephalus and a more solid base of indication for shunting procedures. Scintigraphic examination of the subarachnoid space after intrathecal injection of radioisotopes has become a decisive investigation in the study of communicating hydrocephalus in adults. It has also been applied in children (McCullough and Luessenhop, 1969) . However, because hydrocephalus in children is, in many cases, of the non-communicating type, intrathecal injection is impractical and intraventricular injection is the method of choice.
The first investigations of infantile hydrocephalus by intraventricular injection of radioisotope were made by an indirect method (Bell, 1957 ; Atkinson and Foltz, 1962) . The amount of radioactivity was measured at different sites to assess the nature of the disturbance of flow of cerebrospinal fluid.
A more direct approach is scanning, enabling both 'visualization' of the ventricles and subarachnoid space, and study of cerebrospinal fluid dynamics. Spoerri and Rosler (1965) were the first to use the method for clinical study of hydrocephalus in children. One of us (Overbeek, 1968) Castellino, Zatz, and DeNardo (1969) reported the study of five cases of what they considered to be Arnold-Chiari malformation by combined air and isotope ventriculography.
METHODS
Twenty nine infants suspected of having hydrocephalus were studied in the following way. Three drops of Lugol's solution were administered daily for nine days, starting on the day before the investigation, to block thyroid uptake of the isotope. After ventricular puncture through the fontanelle, cerebrospinal fluid was exchanged with a quantity of air, usually between 25 and 60 ml., depending on the degree of hydrocephalus. Subsequently a solution of 15 ,uc of high specific activity radio-iodinated human serum albumin was injected through the ventricular needle, which was then withdrawn. During ii>: :.: h,h ji; :S1t:: Our first isotope ventriculograms were carried out with technetium albumin (Tc99mHSA); its short half life, however, prohibited investigations after 24 and 48 hours, which was considered a major disadvantage.
RESULTS
The age of the 29 infants at the time of investigation was between 4 days and 6 months, most infants being less than 30 days old. The 16 children with meningomyelocoele (see Table) had a surgical correction of the defect before the investigation was performed. Figure 1 is the result of combined air and isotope ventriculography in a case of communicating hydrocephalus. In the isotope picture, made four hours after the injection, the tracer is demonstrated in the lateral, third, and fourth ventricles. Twenty-four hours after the injection the cervical subarachnoid space, basal cisterns, and sylvian fissures are visualized. There is no activity over the brain convexities, the flow of the isotope being obviously blocked at the outlet of the sylvian fissures. Air ventriculography of the same patient demonstrates moderately enlarged lateral ventricles and some air in the basal cisterns and cervical subarachnoid space.
A case of aqueduct stenosis is illustrated in Fig. 2 . Isotope ventriculography does not show any passage of the tracer beyond the third ventricle. The 24-hour pictures are essentially the same as those made four hours after the intraventricular injection. The air study shows enlarged lateral ventricles, an enlarged third ventricle, and a complete stop of the air at the entrance to the aqueduct. Figure 3 demonstrating the huge cyclopean ventricle, both by RIHSA and air, has to be elaborated somewhat like the previous figures. The case of meningitis and brain abscess is shown in Fig. 4 . DISCUSSION Since the introduction of the study of cerebrospinal fluid dynamics in hydrocephalus, first by dyes and then by indirect isotopic methods, it has become evident that there is often a discrepancy between these investigations and air studies. Where air demonstrates a complete block of passage, the indirect isotope study may disclose only a partial obstruction or hindrance of flow. The reason for this discrepancy is that air, being an unphysiological agent, sometimes fails to pass regions that cerebrospinal fluid does. Therefore indirect studies with dyes and isotopes have been added to air studies in the evaluation of infantile hydrocephalus. However, these methods are complicated, sometimes unreliable, and the exact place of hindrance of flow is difficult to assess. Although positive contrast ventriculography sometimes may give useful information, the dangers and complications of this method are well known.
A simple and most informative solution is scintigraphy of the CSF spaces after intraventricular injection of RIHSA. The tracer marks the flow of cerebrospinal fluid, visualizing the ventricular system and subarachnoid spaces in subsequent examinations. RIHSA also penetrates cysts filled with cerebrospinal fluid and communicating with the ventricles or subarachnoid space. In air studies the investigator has to be aware beforehand of the possibility of the existence of such a cyst in order to manipulate the air into it, and even then this may fail. When the ventricles are markedly enlarged it is dangerous to use a large amount of air as this may cause collapse of brain tissue and haemorrhage. Isotope ventriculography is a very simple and harmless investigation. Even without a supplementary air study it gives a good general idea about the size and contour of the ventricles. It is the method of choice in severely sick children for whom air ventriculography is too dangerous and there is no reason to suspect a tumour.
A small quantity of RIHSA proves to be sufficient for good visualization of the CSF spaces. Brocklehurst (1968) In the normal pattern of flow (Brocklehurst, 1968; Overbeek, 1968) In communicating hydrocephalus the block is found in the subarachnoid pathways. The flow of the tracer is stopped in the basal cisterns or sylvian fissures but there is activity in the cisterna magna and cervical spinal canal. Communicating hydrocephalus may be difficult to diagnose with air ventriculography, especially if only a small amount of air escapes the ventricular system, insufficient to depict the cisterna magna, basal cisterns, or brain convexities. Isotope ventriculography gives a clearcut demonstration of cerebrospinal fluid block in the subarachnoid spaces.
In meningomyelocoele a non-communicating hydrocephalus was usually diagnosed (Table) , with the stop localized in the aqueduct. However, in four cases the hydrocephalus proved to be of the communicating type, with the stop in the basal cisterns or sylvian fissures. The fact that air or isotope was never found over the convexities of the brain is interesting. It supports the theory of Gardner (1961) concerning undissection of the absorptive areas of the subarachnoid space during embryonic life as the cause of communicating hydrocephalus in myelomeningocoele. In all our other cases of communicating hydrocephalus an evident aetiology of haemorrhage or infection explained the non-filling of the convexities. Congenital origin of the block of the subarachnoid space over the brain convexities in these cases is very unlikely, as has been pointed out by Granholm and Rddberg (1963) and Lourie and Berne (1965) .
